The direct measurements of the meridional flow velocities on stars are impossible today. To evaluate the meridional flow velocities on solar-like stars with stable activity periods, we supposed that during the stellar Hale cycle the matter on surfaces of stars passes the meridional way equivalent to 2πR ⋆ . We present here the dependence of the mean meridional flow velocity on Rossby number, which is an effective parameter of the stellar magnetic dynamo.
Introduction
Today the physics of the large-scale flows on the Sun and stars are intensively simulated by scientists to determine the detailed mechanisms of activity cycles. Recent results and bibliography are presented, for example, in the papers by Upton and Hathaway (2014) , Zhao et al. (2013) , Guerrero et al. (2013) , Moss et al. (2013) , Kitchatinov (2013) , Kitchatinov and Olemskoy (2012) .
The empirical dependence of the mean meridional flow speed on the number of the 22-year Hale cycle (Plachinda et al., 2011) was obtained under the assumption that during the Hale cycle the total length of the reverse track of the poloidal dipole polarity is equivalent to the circumference of the Sun as the magnetic dipole moment does not vanish and migrates between the poles (Livshits and Obridko, 2006; Moss et al., 2013) .
The mean velocity v = 6.29 m s −1 , which gives P Hale = 22 years for the Sun, corresponds to the 7.3 years activity period for the solar-like star 61 Cyg A and is well agreed with the observations (Plachinda et al., 2011) . Therefore we supposed that the magnetic flux transported by meridional flows on the surfaces of solar-like stars with stable activity period also passes the way equivalent to 2πR ⋆ during the own Hale cycle. We use this approach to draw the dependence of the mean meridional flow velocity on the Rossby number. In other words, in this paper we use the empirical data to see whether the duration of activity cycle on convective stars depends on the effective parameter of dynamo processes.
Parameters of stars
We selected stars with well-known activity periods. In the Table 1 and Table 2 we summarized the physical parameters of the stars that we have got from literature.
The names of the stars are listed in the first columns of the Tables. Columns 2-4 in the Table 1 contain magnitude V , spectral type and color index B − V . The rotation periods of the stars and the references are given in the 5th and 6th columns, the duration of activity cycles and the references are given in the 7th and 8th columns.
The masses of the stars and the references are listed in the 9th and 10th columns in the Table 1 , columns 11 and 12 represent the radii of the stars and the references, columns 13-14 give the logarithm of gravity and the references. Finally, columns 15-16 show the effective temperature and the references.
The 2nd column in the Table 2 shows the parameter R ′ HK defined as the ratio of the chromospheric emission in the cores of the CaII H and K lines to the total bolometric emission of the star, and the 3rd column contains the references. The logarithm of the convective turnover time, the Rossby number obtained from the dependence of τ c from B − V and the mean meridional flow velocity are listed in the last three columns in the Table 2 .
The convective turnover time τ c and the Rossby number were calculated using the methods described in the Section 3. The mean meridional flow velocity has been calculated using the equation 2πR ⋆ / v = P Hale (Plachinda et al., 2011) , where R ⋆ is the radius of a star, P Hale is the stellar magnetic activity period, P Hale = 2P cyc , where P cyc is a star-spot activity period. The mean activity period of the Sun calculated by averaging of sunspot numbers for all years of observations from 1755 to 2008 is equals to P cyc⊙ = 11 years. Baliunas et al. (1995) ; (2) Messina and Guinan (2002) ; (3) Hall et al. (2007) ; (4) Olah et al. (2000) ; (5) Noyes et al. (1984) ; (6) Cranmer and Saar (2011); (7) Donahue and Saar (1996) ; (8) Baliunas et al. (1996) ; (9) The Rossby number, Ro = P rot /τ c , is the ratio of the stellar rotation period P rot to the convective turnover time τ c . To find the convective turnover time Noyes et al. (1984, eq. 4) used the empirical dependence of τ c on color index B − V , and Wright et al. (2011) chose the empirical de- Noyes et al. (1984) ; (16) Chmielewski (2000); (18) Mishenina et al. (2012) ; (19) Raghavan et al. (2010) pendence of τ c on stellar masses.
The dependence of log R ′ HK on log Ro for τ c = f (B − V ) according to Noyes et al. (1984) is shown in Figure 1 by dashed curve. The dependence of log R ′ HK on log Ro, where τ c = f (M ⋆ ), is plotted in Figure 2 .
The relation between log R ′ HK and log Ro is more accurate in the case of using of the dependence of τ c on color index B − V . The significance level of the difference between the scatterings is more than 99.99%. Therefore we used the relation τ c = f (B − V ) to evaluate the Rossby number.
We have supplemented the list of stars of Noyes et al. (1984) using, in particular, the stars with higher level of the chromospheric activity. The relation between log R ′ HK and log Ro in this case may be presented as log R ′ HK = −4.63 − 0.83 log Ro (solid line in Figure 1 ).
The dependence of the mean meridional flow
velocity on the Rossby number and the activity cycle period
The Figure 3 shows that the mean meridional flow velocities v for solar-type stars located near 5.4 ± 1.5 m s −1 that is in good agreement with the mean value of the meridional flow velocity of the Sun (6.29 m s −1 , (Plachinda et al., 2011) ) obtained in the same manner. We could suggest that the mean meridional flow velocity does not depend on the Rossby number. The only five stars out of 28 show higher values which significantly (more than 3σ) deviates from the mean value of the meridional flow velocity. So, we can suppose that in the case of 80% stars with the stable activity period the meridional flow determines the duration of the Hale's cycle. On the other hand, Figure 4 demonstrates that the observed cycle period shows the exponential decay when the velocity of the flow increases. The relation between P cyc and v may be presented as P cyc = 5.74 + 35 exp (− ( v − 2.1) /1.66) (dashed line in Figure 4) . The dynamo models show qualitatively similar but much slower decay (see Bonanno et al., 2002, Figure 8) . Therefore, we can not eliminate another way to interpret the detected velocity as the phase velocity of the dynamo wave drift (e.g., Kitchatinov, 2002) .
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